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DEPTH  AND  SEASONAL  DEPENDENCE  OF  AMBIENT  SEA  PJOISE  NEAR 
THE  MARGINAL  ICE  ZONE  OF  THE  GREENLAND  SEA 


INTRODUCTION 


Review 

Arctic  ambient  sea-noise  levels  are  affected  prim^ily  by  ice  cover 
measurements  made  in  the  shallow  water  of  the  Canadian  Archipelago  [2^6] , 
water  of  the  Beaufort  Basin  [7-8],  and  in  the  Gulf  of  St  Lawrence  Spect^ 

lines  with  levels  well  pbove  broadband  ambient  noise  levels  have  been  observed  [2,11] 
teouIScte  ^10^10  in  shallo*  water.  They  are  attributed  to  the  excitation  of 
sUnS  wave,  between  the  surface  and  bottom.  Amplitude.diJnbut.on 
between  sprtng  and  summer  measurements  suggest  that  several  different  phyacal  ">“>'• 

on  the  ice  covet  to  produce  noise.  Some  of  these  have  been  resolved  [4]  into 
temperature-  and  wind-dependent  effects.  Decreasing  air  temperatures  shrink  the  ice  sur- 
far;S  reeves  the  resulting  surface  stresses  by  cracking.  “ 

nronacates  through  the  ice  cover  into  the  water  and  is  responsible  for  non-Gaussian 
Sta^dSutions.  Further  measurements  [6,61  have  confirmed  the  temperature 
deirendence  of  ambient  noise  recorded  during  the  winter  and  spring,  with  noise  levels 
.P  j u fin  HR  in  the  100-  to  1000-Hz  band.  Wind  blowing  snow  across  the  ice 

ro?uc“  r^TnUnsIfierpmportio^^  to  the  6.3  power  of 
16  dB  each  time  the  windspeed  doubles)^  As  a result,  arnbiem  ^ 

awociated  with  extensive  icefields  differ  from  open-ocean  data.  'Hiese  results  ^late 
almost  exclusively  to  measurements  under  shore-fast,  consolidated,  and  moving  icefields. 

Few  measurements  have  been  made  under  marginal  icefields  in  the  deep  wean  basins, 
howevi:  been  made  throughout  the  year,  UntU  ^ent iy,  ^ houn^ 

between  the  marginal  ice  zone  and  the  open  ocean  has  'f«ceiyed  httle  study.  Short  term 
measurements  (several  hours  in  duration)  [12]  during  1971-1972  in  the  100-  to  1000-Hz 
" dTcat  tU  the  boundary  acts  as  a local  not  e source,  mising  levels  by  about  12 
dB  over  open-ocean  levels  and  20  dB  over  levels  found  under  the  icefield. 


Purpose  and  Location  of  NRL  Experiment 


Three  objectives  were  established  for  these  acoustic  measurements  in  the  20-  to  600- 
Hz  band  The  first  was  to  determine  the  effect  of  depth  on  ambient  noise  by  recordi  g 
S Svil^yaTrcveral  depths  in  a deep  basin,  near  but  outside  the  ' 

The  second  yL  to  measure  the  long.term  variabdity  (over  a period  ‘ 

4.  .omo  twnp  fif  Site  The  site  locations  are  shorvn  in  Fig.  la.  Ihe  thira 

obj^ tWe  was  to^relate  these  acoustic  data  to  season,  weather,  icefield  movements,  and 
manmade  sources  of  noise. 
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Fig.  la  — Geographic  location  of  LTA  and  STA  equipment 
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Fig.  lb  — Bathymetry  of  northern  Greenland  Sea.  Small  dots  indicate  epicenter  locations. 


Two  ambient-noise  buoys  (ANB)  were  adapted  to  meet  these  objectives.  Both  w«e 
deployed  from  the  USNS  Hayes  (T-AGOR  16)  in  August  1972  and  were  anchored  m the 
Boreas  Abyssal  Hain  of  the  northern  Greenland  Sea.  The  buoy  sites  are  m about  3000  m 
of  water,  20  n.mi.  north  of  the  ridge  system  delineating  the  Greenland  Fracture  Zone. 

The  ridge  itself  rises  1000  to  1500  m above  the  ocean  floor.  Figure  lb  shows  the  bathym- 
etry of  the  northern  Greenland  Sea  [13,  Fig.  2]. 


The  short-term  unit  was  recovered  during  the  same  cruise,  and  the  long-term  unit 
was  recovered  by  Hayes  a year  after  deployment.  DetaUs  of  the  acoustic  mstrumentetion,- 
as  well  as  compilations  of  data,  are  given  in  Appendix  A.  This  report  presents  and  dis- 
cusses  ,the  data  on  variation  of  ambient  noise  with  depth  and  with  season  near  the  margi- 
nal ice  zone. 
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SHORT-TERM  EXPERIMENT  AND  RESULTS 
General  Description  and  Results 
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Noise  mrasurements  were  made  between  1600Z,  August  27,  1972,  and  1200Z 
September  1,  1972,  at  76  37.1  N,  00°57.5'W  (35  km  east  of  the  marginal  ice  boundary) 
using  a short-term  ANB  (STA)  anchored  in  3060  m of  water.  Satellite  navigation  waT^ 
used  to  provide  position  information;  windspeed  data  were  obtained  from  the  Hayes'  log 
* ®^ho  sounder  provided  water  depths  in  uncorrected  fathoms.  Ice  cover 

at  the  boundary  was  diffuse  to  nearly  contiguous,  covering  70%  of  the  area  in  the 
boundary  zone  and  nearly  90%  a few  kilometers  into  the  icefield.  At  the  Houndary  the 
ice  cover  consi^d  of  young  to  year-old  ice  floes  2-30  m in  diameter,  with  'Jiicknesses 
to  2.5  m.  The  ice  boundary  extended  in  places  as  much  as  1 km  into  „he  open  ocean 
cause  of  cun-ents  and  wind.  The  STA  recorded  ambient  noise  between  20  and  600  Hz 
for  1 h out  of  every  a,  for  each  of  four  hydrophones  at  depths  of  241,  1232,  1537,  and’ 
‘depths  were  ch(»en  to  record  noise  in  the  sound  channel,  near 
and  at  the  critical  depth,  and  well  below  the  critical  deoth.  Archival  data  shown  in  Fig 
2 were  used  to  determine  the  critical  depth  (about  1600  m for  the  month  of  October) 
wthin  a raihus  of  50  n.mi.  of  76°N,  0“W.  After  recording  30  1-h  samples  of  data,  the 
TA  was  released  by  acoustic  techniques  and  recovered  by  Hayes  on  September  1. 
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Fig.  3 — Hydrophone  data,  241-m  depth 


Time-Series  Data 

Figures  3-6  present  30  ambient- noise  samples  for  each  of  the  four  hydrophones, 
recorded  during  the  STA  deployment  period.  Each  sample  is  resolved  into  60  1-min 
averages  of  third-octave  levels  adjusted  to  1-Hz  bands  centered  at  BO,  100,  200,  and  500 
Hz,  The  sound-pressure  spectrum  level  (SPSL)  scale,  dBlIjuPa,  is  shown  to  the  left  of  its 
associated  time  series.  The  center  frequency  is  listed  above  its  time  series.  The  date  and 
Julian  day  (JD)  are  given  at  the  bottom  of  each  figure.  Details  of  the  data-processing 
technique  are  discussed  in  Appendix  A,  The  shallowest  hydrophone  developed  electrical 
problems  at  the  beginning  of  the  24th  sample;  subsequent  data  are  not  included  in  Fig,  3. 

Ship  passages  in  the  area  near  the  STA  site  (confirmed  by  aural  monitoring)  are 
evident  from  the  acoustic  data  scatter  in  several  samples  (1,  14-18,  21,  24,  and  30).  Be- 
cause the  sound-channel  axis  is  shallow  (about  160  to  200  m at  this  latitude),  ships  are 
especially  noticeable  at  consideraWe  distances  in  the  50-  to  200-Hz  data  of  the  241-m 
hydrophone.  Ship  noise  in  samples  1,  21,  and  30  is  attributable  to  Hayes,  which  was 
within  10  n.mi.  of  the  site  at  those  times,  rairing  levels  even  at  500  Hz.  Other  ship  noise 
was  due  to  a large  nearby  ship  that  remained  in  the  vicinity  during  Hayes’  operations. 
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Fig.  4 — Hydrophone  data,  1232-m  depth 


Figure  7a  summarizes  environmental  observations  and  acoustic  data  from  the  deep 
hydrophone  at  frequencies  of  50,  100,  and  500  Hz,  while  Figure  7b  shows  navigation 
observations  from  the  logs  of  Hayes  and  USNS  Mizar  and  chronological  information 
related  to  acoustic-source  operations.  During  the  STA  recording  periods,  the  mean  wind- 
speed  was  about  17  knots,  corresponding  to  an  average  sea  state  between  3 and  4.  Mizar’s 
range  from  the  STA  site  was  never  less  than  260  n.mi.;  it  influenced  recorded  noise  levels 
during  acoustic-source  operations.  The  acoustic  sources  used  during  the  experiment  were 
air-guns,  CW  projectors,  and  explosives.  Hayes'  range,  however,  varied  from  10  mm  to 
about  120  mm  during  the  STA  recording  period.  Ftobably  for  this  reason,  the  comparison 
between  noise  levels— especially  at  and  above  100  Hz— and  windspeed  lack  anticipated 
agreement  with  noise  level  estimates  from  Wenz’s  curves. 

Air-gun  tows  were  made  by  Hayes  for  the  frrst  15  min  of  the  recording  periods  of 
samples  14-19  and  22.  Evidence  of  other  air-gun  operations  (origin  uncertain)  has  been 
identified  during  aural  monitoring  of  the  STA  recording  in  samples  3,  6,  and  9.  Two  CW- 
projector  tows  were  made  only  by  Mizar.  One  projector  was  towed  at  a depth  of  20  m 
and  operated  at  116  Hz,  and  another  was  towed  at  a depth  of  50  m and  operated  at  fre- 
quencies of  10  to  29  Hz.  The  spectral  characteristics  of  explosive  acoustic  sources,  in 
addition  to  those  of  other  acoustic  sources,  are  shown  in  Figs.  8a  and  8b. 
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Two  weather  fronts  passed  the  STA  site  during  the  recording  period,  while  the 
marginal  ice  boundary  »aa  30  to  36  km  aww^  The 

fnortheast  of  STA)  between  samples  4 (0400Z  on  August  28,  1972)  and  12  (1 
Est  29  1972),  raising  windspeeds  from  10  to  as  high  as  30  knots  and  increasmg  wave 
heights  from  3 to  about  20  ft.  The  noise  spectrum  levels  difference  for  these  conditions 
are  consistent  with  estimates  from  Wenz’s  curve. 

The  second  front  approached  the  STA  site  from  the  south  (open  ocean)  during 

samples  15  (OOOOZ  on  August  30)  through  27  "^e^nX  ’ 

speeds  from  12  to  28  knots  and  increasing  wave  heights  from  5 to  14  ft  nois 
sLctrum  level  at  500  Hz  (deep  hydrophone)  mcreased  from  70  to  about  75  dBjlpPa  as 
vSdsoeed  increased  from  about  12  to  28  knots  (corresponding  to  sea  states  3 to  6) 
durin^amples  15  to  23.  Thereafter,  the  noise  spectrum  level  at  500  Hz  deceased  from 
75  to^about  70  dBlljuPa  as  windspeed  subsided  from  28  to  about  7 knots.  The  noire 
leUs  during  the  reported  decrease  of  windspeed  do  not  entirely  agree  w,th 

Wenz’s  estimates:  bathymetric  blockage  (see  Fig.  lb),  time  lag  in  wmdsp^d  data  caused 
by  Hayes  varying  range,  wind  direction  relative  to  the  marginal  ice  zone  bound^  wd 
available  fetch  for  surface  wave  development  are  jomtly  responsible.  It  is  conclud^  that 
ta  the  open  ocean  near  the  marginal  ice  edge  are  predrctable  from  Wenz'a 

curves. 
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Fig.  6 — Hydrophone  data,  2375-m  depth 


) - 


Hie  isometric  plots  in  Figs.  8a  and  8b  show  the  spectral  characteristics  of  man-made 
sounds.  Such  plots  were  used  extensively  in  analyzing  the  STA  data.  Each  plot  repre- 
sents a 1-h  sample  of  ambient  noise  data  in  the  20-  to  600-Hz  band  from  the  deep  hydro- 
phone. Spectral  data  were  averaged  over  1-min  intervals.  The  ordinate  is  sound-pressure 
spectrum  level  (SPSL)  in  dBlIpPa,  and  the  abscissa  is  frequency  in  Hz;  time  is  given  at 
the  right  of  each  plot.  Figure  8a  shows  about  8 min  of  air-gun  activity  in  the  low- 
frequency  band,  20  to  100  Hz.  Figure  8b  displays  reception  of  an  explosive  signal, 
dropped  by  Mizar  about  300  n.mi.  away,  and  of  CW  projector  signals  at  29  and  116  Hz. 


Depth-Dependent  Data 

Figures  9 and  10  present  mean  SPSL  values  for  four  hydrophone  depths  at  the  STA 
site.  Hie  processing  consists  of  forming  third-octave  filtered  data  reduced  to  1-Hz  bands 
centered  at  50  and  500  Hz.  Each  data  point  is  a 10-min  average,  yielding  six  profiles 
per  1-h  sample.  The  50-Hz  profiles  are  constant  with  depth  at  levels  of  about  75  dBHjuPa 
for  the  first  30  h of  the  deployment  period.  Departures  from  constant  noise-level  pro- 
files from  0400Z  on  August  29  throu^  0800Z  on  August  31,  are  due  to  known  ship 
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Fig.  7a  — Acoustic  data  and  environ- 
mental observations 


Fig.  7b  — Navigation  observations  and 
acoustic  source  information 


passages  Shipping  surveys  were  not  conducted  during  the  recording  period,  so  that 
range  vs  time  from  the  ST  A site  is  not  known.  Ship  passages  influenced  the  deeper 
hydrophones  for  a longer  time,  fhe  deepest  hydrophone  often  showed  a higher  noise 
level  than  the  shallowest  (e.g.,  OOOOZ  on  August  31  in  Fig.  9).  It  is  concluded  that 
50-Hz  profUes  are  generally  constant  over  the  measurement  depths  and  depart  from  this 
behavior  due  to  the  presence  of  nearby  shipping. 

The  500-Hz  profiles  are  initially  constant  with  depth  at  levels  of  58  to  60  dBlIpPa 
down  to  a depth  of  2375  m,  where  the  spectrum  level  is  about  68  to  70  dBlIpPa,  when 
the  windspeeds  were  about  8 knots  and  the  wave  heights  were  5 ft.  The  source  of 
increased  noise  levels  at  2375  m is  not  understood  but  may  be  related  to  noise  produced 
in  the  marginal  icefield  by  the  first  storm  that  directly  affects  samples  4-12.  The  noise 
levels  then  increase  with  time,  but  the  profile  shape  remains  unchanged  untU  sample  10. 
Subsequent  profiles  show  “knees,”  which  bend  in  both  directions  with  passing  time;  this 
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Fig.  9 — Ambient  noise  depth  profiles  at  50  Hz 


result  during  samples  13  throu^  23  appears  to  be  the  product  of  the  passage  of  the 
second  front  and  nearby  ship  noise. 


LONG-TERM  EXPERIMENT  AND  RESULTS 


General  Description 

A long-term  ANB  (LTA)  was  deployed  from  Hayes  in  3111  m of  water  on  August 
26  at  76°30.8'N,  1°2.0'W.  One-minute  samples  of  ambient  noise  were  recorded  in  the 
20-  to  1200-Hz  band  every  4 h from  deployment  through  July  1973.  A total  of  2057 
samples  was  recorded  before  the  LTA  was  recovered  on  August  24,  1973.  LTA  electronic 
system  noise  was  found  to  increase,  reaching  sea-noise  levels  at  about  700  Hz.  Thus, 
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acoustic  data  are  reported  for  the  20-  to  600-Hz  band.  This  section  presents  and  discusses 
only  ambient  noise  recorded  by  the  shallow  (306-m)  hydrophone,  because  the  deep 
(2440-m)  hydrophone  developed  electrical  problems  2 days  after  deployment.  Acoustic 
time-series  data  are  presented  in  Appendix  A. 

Table  1 presents  a summary  of  acoustic  and  environmental  data  for  each  month 
(column  1)  and  year  (column  2)  from  October  1972  to  June  1973.  The  acoustic  data 
(column  3)  consist  of  monthly  mean  sound-pressure  spectrum  levels  (SPSL  in  dB||/iPa), 
standard  deviations,  and  maximum  and  minimum  SPSL  levels.  The  mean  SPSL  data  are 
obtained  from  digitally  processed  third-octave  levels  averaged  over  each  month  and 
adjusted  to  1-Hz  bands.  According  to  Wenz  [14],  the  50-  and  400-Hz  spectrum  levels 
respond  to  shipping  traffic  and  weather-induced  noise,  respectively,  while  the  100-Hz 
spectrum  levels  is  often  affected  by  both  types  of  sources.  The  environmental  data  con- 
sist of  iceline  distances  and  mean  monthly  windspeeds.  Iceline  location  and  driftspeed 
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Table  1 — Monthly  Ambient  Noise  and  Environmental  Data  Summary 


Third-Octave  Noise  Levels 

Center  Frequency 

Mean 

Windspeed 

Mean 

Number  of 
Acoustic 
Samples 
Processed 

Month 

Year 

50  Hz 

100  Hz 

j 400  Hz 

Iceline 

Distance 

Sea 

State 

Mean  Level  (Deviation) 
maximum/minimum  Levels 

— 

■ 

— 

— 

— 

R 

W 

S 

N 

— 

1 

(dBII/iPa) 

(dBII/iPa) 

(dBII/iPa) 

(km) 

(m/s) 

— 

— 

October 

1972 

89.2 

(2.6) 

96.6/82.6 

86.4 

(2.7) 

93.9/79.7 

77.4 

(3.7) 

85.8/66.0 

118 

4.17 

184 

November 

1972 

88.4 

(2.8) 

96.5/82.0 

85.2 

(3.0) 

94.1/79.4 

76.0 

(4.0) 

87.7/68.0 

114 

5.56 

2 

178 

December 

1972 

87.4 

(3.5) 

93.8/80.9 

84.9 

(3.5) 

93.3/78.4 

76.3 

(4.7) 

86.7/65.7 

125 

4.27 

2 

182 

January 

1973 

86.0 

(4.3) 

95.8/80.2 

83.6 

(4.1) 

93.0/77.7 

74.2 

(5.2) 

85.5/66.1 

93 

4.03 

2 

184 

February 

1973 

87.1 

(3.6) 

95.2/80.8 

85.6 

(2.9) 

93.6/78.5 

75.4 

(4.5) 

81.9/67.7 

60 

5.99 

2 

166 

March 

1973 

88.6 

(3.1) 

95.1/82.2 

87.9 

(3.6) 

96.0/79.5 

78.4 

(4.3) 

88.9/69.0 

10 

4.10 

2 

182 

April 

1973 

86.9 

(3.6) 

97.1/80.5 

85.1 

(3.1) 

95.5/76.6 

75.7 

(4.1) 

86.9/66.1 

30 

4.12 

2 

176 

May 

1973 

86.6 

(4.2) 

94.8/79.2 

83.3 

(5.0) 

92.6/77.0 

70.4 

(8.6) 

80.8/62.6 

10 

3.44 

1 

183 

1 


June 


1973  86.5  83.5  72.3 

(4.1)  (4.3)  (7.1) 

94.2/79.1  90.7/77.0  80.4/62.2 


70 


2.86 
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data  near  the  recording  site  were  estimated  from  weekly  aircraft  observations;  windspeeds 
were  estimated  twice  daily  from  charts  of  barometric  pressure.  The  iceline  distance  R 
(column  4)  from  the  recording  site  is  ^ven  in  kUometers  for  the  fifth  day  of  each 
month,  since  the  fifth  day  shows  best  the  proximity  of  the  iceline  during  the  spring. 

The  mean  monthly  windspeed  W (column  5)  in  meters  per  second  and  its  corresponding 
sea  state  S (column  6)  are  also  listed,  in  addition  to  the  number  of  1-min  samples  N 
processed  in  each  month  (column  7). 

The  monthly  miaximum,  minimum,  and  mean  noise  levels  at  50,  100,  and  400  Hz 
appear  correlated  during  the  period  of  October  1972  through  June  1973.  Noise  levels  are 
highest  in  the  fall  (October  and  November)  and  spring  (March  and  April)  and  lowest  in 
winter  (January  and  February)  and  summer  (June).  The  highest  mean  level  values  at 
400  Hz  of  85.8  and  87.7  dB||/iPa  were  recorded  during  the  fall  and  spring,  when  the 
iceline  was  more  than  100  and  20  km,  respectively,  from  the  recording  site.  In  the 
spring  the  mean  noise  levels,  due  to  proximity  of  the  iceline,  are  at  least  2 to  3 dB  higher 
than  the  mean  monthly  values  in  the  fall.  The  standard  deviation  of  the  mean  SPSL 
values  at  400  Hz  is  largest  (8.6  dB)  during  May  when  the  iceline  is  receding  at  distances 
between  10  and  70  km  from  the  recording  site.  The  mean  monthly  LTA  level:;  approxi- 
mate the  maximum  spectral  levels  of  Wenz’s  limiting  curve  at  400  Hz.  Thus,  the  mean 
monthly  noise  levels  show  the  largest  deviations  when  the  iceline  is  less  than  100  km 
from  the  recording  Site.  Finally,  evidence  listed  in  Table  1 and  discussed  in  the  follow- 
ing sections  indicates  the  marginal  ice  zone  boundary  is  noisiest  during  the  spring. 


Time-Series  Data 

Figure  11  summarizes  acoustic  measurements  and  environmental  observations  for  a 
3-month  period,  February  through  AprU  1973,  while  the  ice  edge  approached  and  passed 
over  the  LTA  site.  The  acoustic  data  are  spectrum  levels,  1-min  averages  of  third-octave 
levels  adjusted  to  1-Hz  bands  at  center  frequencies  of  50,  100,  and  400  Hz.  The  environ- 
mental observations  consist  of  daily  windspeed  and  weekly  ice-edge  distance  relative  to 
the  recording  site,  and  ice  driftspeed  estimates.  Ice-edge  distances  have  been  interpolated 
to  provide  additional  estimates  during  the  month  of  March,  when  the  iceline  passed  over 
the  recording  site  and  reversed  motion  several  times. 

The  general  motion  of  the  marginal  icefield,  no  further  than  40  to  60  km  from  the 
recording  site  during  the  year’s  recording,  followed  the  East  Greenland  Current  in  a 
south-southwest  direction.  In  the  spring  the  ice  edge  appeared  to  undergo  small  lateral 
excursions  in  the  east-southeast  direction,  taking  the  icefield  over  the  recording  site  be- 
fore reversing  direction.  The  iceline  approached  and  retreated  from  the  site  during 
March  and  April  at  rates  of  about  1.0  to  11.7  km/day,  as  shown  in  Fig.  11.  In  March, 
three  of  four  reversals  in  iceline  motion  occurred  when  the  windspeed  was  5 m/s  or  less 
(e.g.,  March  6,  14,  20,  and  26).  Thus,  iceline  reversals  appear  to  be  r.  ^ted  to  the 
dominant  southerly  surface  currents;  the  excursions  appear  to  be  related  to  hi^  wind- 
speeds,  which  often  (though  not  always)  preceded  iceline  reversals. 

Sea-noise  spectrum  levels  at  50,  100,  and  400  Hz  were  variable  at  the  LTA  site  over 
the  entire  9-month  reporting  period  and  were  especially  variable  (note  the  standard 
deviation  listed  for  each  month  in  Table  1)  during  the  springtime,  when  the  iceline  is  less 
than  60  km  away.  The  maximum-minimum  noise-level  differences  are  largest,  for  example. 
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Fig.  11  — Acoustic  data  and  environmental  observations, 
February-April  1973 


during  April,  when  the  iceline  is  about  30  km  away.  These  c'  Terences  at  50,  100,  and 
400  Hz  are  16.5,  18.9,  and  20.8  dB,  respectively.  The  interp  etation  of  these  acoustic 
data  is  complicated  by  the  presence  of  ship  noise  (identified  by  aural  monitoring  and 
shown  in  Fig.  11  by  the  symbol  S),  by  the  synoptic  character  of  the  environmental 
observations,  by  weather-induced  noise  in  the  adjacent  open  ocean,  and  by  noise 
generated  within  the  marginal  icefield  during  changes  in  its  motion.  It  appears  that  the 
ice  edge  that  passed  over  the  LTA  site  at  least  six  times  and  changed  or  revered  direc- 
tion near  the  LTA  site  at  least  nine  times  acts  as  a localized  noise  source,  raising  levels  by 
as  much  as  10  dB.  This  conclusion  is  in  general  agreement  with  the  measurements  of 
Diachok  and  Winokur  [12],  who,  using  sonobuoys,  determined  that  the  ice  edge  acts  as 
a spatially  localized  noise  source,  raising  levels  at  diffuse  and  compact  edges  by  4 to  12 
dB  over  open-ocean  data,  respectively.  At  the  ice  edge  for  sea  state  2,  Diachok  and 
Winokur  report  a level  of  87  dBlIjLiPa  at  100  Hz,  compared  with  the  mean  LTA  value  in 
April  of  85  dBHjuPa. 
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Fig.  12  — Ojmparison  of  60-,  100-,  and  400-Hz  data  to 
previous  measurements 


SPECTRA 

Noise  levels  under  the  Arctic  Ocean  ice  canopy  are  quite  variable;  maximum  and 
minimum  spectrtd  levels  recorded  by  Buck  [15]  over  an  ll*month  period  in  the  Arctic 
Ocean  and  adapted  by  Milne  [1,  Fig.  7-26]  are  shown  in  Fig.  12  by  the  dashed  lines. 
Variation  of  maximum  and  minimum  noise  levels  at  50,  100,  and  400  Hz  recorded  by 
NRL  in  the  Greenland  Sea  are  shown  as  vertical  bars  for  comparison.  From  Fig.  12  it  is 
evident  that  spectral  levels  under  a consolidated  ice  cover  or  under  and  near  the  marginal 
icefield  vary  considerably  over  extensive  recording  periods.  The  variation  in  each  case 
increases  with  increasing  frequency.  Spectral  levels  near  the  marginal  ice-zone  boundary 
are  higher  by  as  much  as  12  to  16  dB  in  the  50-  to  400-Hz  band  than  Arctic  Ocean 
measurements.  Consequently,  although  the  Arctic  Ocean  data  show  greater  variability, 
the  hipest  noise  levels  are  developed  at  and  near  the  marginal  ice-zone  boundary. 

The  mean  levels  observed  by  the  LTA  hydrophone  (d  = 306  m)  for  the  months  of 
October  1972  and  June  1973  (Table  1)  appear  to  be  systematically  higher  than  those 
observed  by  the  STA  hydrophone  (d  = 241  m),  August  27-31,  1972  (Fig.  3).  The  loca- 
tions are  separated  by  only  10  km,  and  closer  agreement  between  these  measurements 
might  have  been  expected.  However,  as  indicated  in  Table  1 and  in  the  spectra  of  Fig.  12, 
noise  in  the  Arctic  Ocean,  particularly  in  the  marginal  ice  zone,  is  hi^ly  v^fiable.  Thus, 
this  lack  of  agreement  is  considered  to  be  an  environment:’!  effect. 


SUMMARY 

Ambient  noise  has  been  recorded  at  a hydrophone  depth  of  306  m for  9 months  in 
the  deepwater  basin  of  the  Greenland  Sea  near  and  occasionally  under  the  marginal  ice 
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zone,  using  bottom-anchored  buoy  systems.  The  results  indicate  that  high  noise  levels  at 
the  ice  edge  in  the  20-  to  600-Hz  band  are  associated  with  ice-floe  collisions  caused  by 
winds  greater  than  10  knots  and  by  reversals  in  icefield  movements.  The  lowest  ambient 
noise  levels  were  recorded  during  midwinter  (January)  and  early  summer  (June),  the 
highest  during  early  spring  (March)  and  early  fall  (September).  Ambient  noise  levels 
recorded  at  the  edge  of  the  marginal  ice  zone  at  50  and  400  Hz  are  higher  by  as  much  as 
15  to  20  dB  than  Arctic  Ocean  data  taken  for  a comparable  period  in  the  Beaufort  Basin. 

Near  the  marginal  ice  zone,  ambient  noise  levels  between  200  and  600  Hz  are  pre- 
dictable from  Wenz’s  curve  for  open-ocean  sites  when  the  wind  direction  is  from  the  open 
ocean  or  at  least  parallel  to  the  iceline.  Wind  approaching  from  the  icefield,  however, 
toward  nearby  recording  sites  is  not  so  effective  in  raising  noise  levels  because  of  the 
limited  fetch.  Ambient  noise  is  relatively  constant  with  depth  except  when  individual 
ships  pass,  distorting  the  depth  profile  time  series. 

The  experience  gained  in  the  conduct  of  this  work  indicates  that  impulsive  high-level 
noise  requires  special-purpose  equipment  (probablv  digital)  with  dynamic  range  on  the 
order  of  at  least  60  dB  over  the  low-frequency  band  from  20  to  1000  Hz  [16]. 

Finally,  the  complexity  of  the  ambient  noise  field  in  the  marginal  ice  zone  requires 
highly  detailed  environmental  observations  of  ice-edge  motion  and  of  windspeed  for 
detailed  interpretation  of  the  acoustic  results. 


ACKNOWLEDGMENTS 

This  work  was  supported  by  the  Naval  Materiel  Command  and  by  the  Defense 
Advanced  Research  Projects  Agency.  The  author  is  especially  grateful  to  the  officers  and 
men  of  USNS  Hayes,  without  whose  willing  cooperation  this  work  would  not  have  been 
possible.  The  encouragement  and  comments  of  Dr.  B.  B.  Adams  and  Dr.  S.  W.  Marshall 
were  invaluable.  Unpublished  windspeed  and  icefield  data  were  made  available  by  Mr. 

W.  I.  Whittman  and  Dr.  H.  Li,  Polar  Oceanography  Branch,  Naval  Oceanographic  Office. 


REFERENCES 

1.  A.R.  Milne,  “Sound  Propagation  and  Ambient  Noise  Under  Sea  Ice,”  Ch.  7 in 
Underwater  Acoustics,  V.M.  Albers,  ed..  Plenum  Press,  New  York,  1967,  pp.  103-138. 

2.  A.R.  Milne,  J.  Acoust.  Soc.  Amer.  32,  1007  (1960). 

3.  A.R.  Milne  and  J.H.  Ganton,  J.  Acoust.  Soc.  Amer.  36,  855  (1964). 

4.  J.H.  Ganton  and  A.R.  Milne,  J.  Acoust.  Soc.  Amer.  38,  406  (1965). 

5.  A.R.  Milne,  J.H.  Ganton,  and  D.J.  McMillin,  J.  Acoust.  Soc.  Amer.  41,  525  (1967). 

6.  A.R.  Milne  and  J.H.  Ganton,  Nature  221,  851  (1969). 

7.  J.D.  MaePherson,  J.  Acoust.  Soc.  Amer.  34,  1149  (1962). 

8.  C.R.  Greene  and  B.M.  Buck,  J.  Acoust.  Soc.  Amer.  36,  1218  (1964). 

9.  F.A.  Payne,  J.  Acoust.  Soc.  Amer.  36,  1943  (1964). 


17 


.-•=  itVr.  ISP*  ‘I  '.rv’Tww 


JAMES  R.  McGRATH 

10.  F.A.  Payne,  J.  Acoust.  Soc.  Amer.  41, 1374  (1967). 

11.  A.R.  Milne  and  S.R.  Qark,  Bull  Seismoi  Soe.  Amer.  54,  1797  (1964). 

12.  O.I.  Diachok  and  R.S.  Winokur,  J.  Acoust.  Soc.  Amer.  55,  750  (1974). 

13.  G.L.  Johnson  and  O.B.  Eckhoff,  Deep  Sea  Res.  13,  1161  (1966). 

14.  G.M.  Wenz,  J.  Acoust.  Soc.  Amer.  34,  1936  (1962). 

15.  B.M.  Buck,  J.  Underwater  Acoust.  21,  17  (1971)  (Confidential  Paper,  Unclassified 
Title). 

16.  J.H.  Ganton,  G.N.  Dennison,  W.H.M.  Burroughs,  and  A.R.  Milne,  ‘‘Recording  ^ 
Instrument  Package  (RIP)  for  Long  Term  Underwater  Measurements  in  the  Arctic, 
Report  70-4,  Def.  Res.  Est.  Pac.,  Victoria,  B.C.  Sept.  1970. 


Appendix  A 

METHODS  OF  MEASUREMENT  AND  COLLECTED  DATA 


MEASUREMENT  SYSTEM  AND  DATA  PROCESSING 
ANB  Mechanical  and  Electronic  Arrangement 

The  static  mechanical  configuration  of  a typical  buoy  is  shown  in  Fig.  Al.  The 
anchor,  an  iron  cube  weighing  500  lb  (227.3  kg)  in  air,  is  connected  by  1/2-in.  (12.5-mm) 
polypropylene  line  to  two  American  Machine  end  Foundry  (AMF)  acoustic-release  units. 
TTiese  are  mechanically  connected  in  parallel  so  that  either  unit,  on  acoustic  command, 
can  drop  one  end  of  a rubber-coated  chain  attached  to  the  anchor  line. 

The  instrumentation  sphere,  located  above  the  acoustic-release  units,  is  composed  of 
two  2-in.-thick  (50  mm)  aluminum  hemispheres,  joined  by  an  equatorial  ring,  40  in.  (1  m) 
in  diameter.  The  buoy  is  held  together  by  a reduced  interior  pressure  of  about  8 (55 
MPa)  psig  and  by  four  plastic-covered  wire-rope  straps  (Fig.  A2)  attached  to  a ring  with 
four  rods  that  rise  to  a common  point  above  the  buoy.  The  apex  of  these  rods  is  the  lift 
point  (Fig.  A3)  for  the  buoy  hull  which  weighs  1500  lb  (682  kg)  in  air.  The  buoy  hull 
contains  the  tape  recorder,  amplifiers,  power  supplies,  and  programmer.  Radio  and  light 
beacons  serve  as  recovery  aids  and  are  attached  to  the  top  hemisphere.  The  electronic 
arrangement  of  the  LTA  acoustics  system  included  a high-  and  low-gain  amplifier  provid- 
ing an  effective  dynamic  range  of  50  dB.  Two  hydrophones  (type  H-62,*  manufactured 
at  NRL,  Orlando,  with  a sensitivity  of  -178  dBlllVl/iPa)  are  attached  to  polypropylene 
line  supported  by  glass  flotation  spheres;  the  deep  hydrophone  on  the  LTA  failed  due  to 
a seawater  short-circuit  just  after  deployment.  Electrical  signals  from  the  hydrophones 
are  carried  to  the  buoy  by  individual  RG-58  cables,  which  terminate  on  the  top  hemi- 
sphere at  a junction  box  containing  watertight  connectors.  Data  are  recorded  on  1 /2-mil, 
l/4-in.-wide  tape.  The  tape  recorder  is  a four-channel  unit  with  a tape  speed  of  0.4  ips. 
These  and  other  details  about  the  buoy  characteristics  have  been  generally  discussed  by 
Diehl. ^ Operational  differences  and  details  of  the  STA  and  LTA  buoys  are  listed  in 
Table  Al. 


Calibration 

Calibration  tones  (50  and  256  Hz  for  the  STA  buoy  and  17  and  585  Hz  for  the  LTA 
buoy)  and  white  noise  were  injected  sequentially  into  the  amplifiers  and  recorded  (see 
. Fig.  A4)  before  deployment  and  after  recovery.  These  calibration  signals  were  used  in  the 

^ subsequent  data  processing  for  determining  the  electronic  system  response  and  the 

r 

t 

*I.D.  Groves,  Jr.,  “A  Hydrophone  for  Measuring  Acoustic  Ambient  Noise  in  the  Ocean  at  Low  Fre- 
quencies  (USRD  Type  H62),”  NRL  Report  7738,  Apr.  15,  1974. 
r 'W.C.  Diehl,  “Initial  Construction  and  Deployments  of  the  Long-Term  Ambient-Noise  Buoy,”  NRL  Re- 

J port  7403,  May  16,  1972. 
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ARCTIC  II  SHORT  TERM  ANB  ~24 


OiSTANCES 

<FT» 


OEPTH  AT  SITE  10040 


1 10"  GLASS  SPHERE 


M6"  GLASS  SPHERE 


I BENTHOS  OEPTH  RECORDER 


HYOROPHONE  H62  BY 


TRANSPONOER 


I 1 16'  GLASS  SPHERE 


HYOROPHONE  H62  7Y 


I 1 16"  GLASS  BALL 


HYDROPHONE  H634Y 


1 16"  GLASS  BALL 


1 16"  GLASS  BALL 


1 16"  GLASS  BALL 


HYDROPHONE  H62SY 


RG  SB  (13900'} 


SO  BUOY  STROBfc  LIGHT  • RADIO 
ANB  HULL  24  RECORDER  039 


3/B"  POLY  line 


1/4"  WIRE  ROPE 


45'  1/4"  WIRE  ROPE 


CAST  IRON  ANCHOR  (355  IN  AIR) 


BUOY  ASCENT  TIME  31  MIN 


Fig.  A1  — Mechanical  arrangement  of  the  STA 
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Detail 


STA 


LTA 


Buoy  hull  number 

24 

26 

Cruise  number  (deployment) 

72-16-06 

72-16-06 

Deployment  date 

Aug.  27, 1972 

Aug.  26, 1972 

Recovery  date 

Sept.  1, 1972 

Aug.  24, 1973 

Site  position 

76°37.1'N  00°57.5'W 

76°30.8'N  01°02.0'W 

Tape  recorder  number/speed  (ips) 

039/0.4 

083/0.4 

Number  of  hydrophones 

4 

2 

Hydrophone  1 depth  (m) 

2375 

2440 

Hydrophone  2 depth  (m) 

1537 

306 

Hydrophone  3 depth  (m) 

1232 

— 

Hydrophone  4 depth  (m) 

241 

— 

Hydrophone  1 tape/serial  no. 

H62/5Y 

H'c)2/3Y 

Hydrophone  2 tape/serial  no. 

H62/6Y 

H6"/4Y 

Hydrophone  3 tape /serial  no. 

H62/7Y 

— 

Hydrophone  4 tape/serial  no. 

H62/8Y 

— 

Days  of  data  (actual/iitended) 

5/5 

350/365 

Water  depth  at  site  (m) 

3157 

3111 

Bandwidth  (Hz) 

20-600 

20-600 

Recording  interval:  Start 

Aug.  27,  1972 

Aug.  26, 1972 

Stop 

Sept.  1, 1972 

Aug.  1,1973 

Internal  calibration  frequencies  (Hz) 

256 

585 

73 

16 

9 

External  calibration  frequencies  (Hz) 

50 

17 

256 

585 

(White  noise) 

Sample  duration  (min) 
Sample  interval  (h) 


60 

4 


1.0 

4 


^ 'll 
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Fig.  A4  — STA  buoy  with  top  hemisphere  removed 


absolute  magnitude  of  the  acocstir  noise  levels  at  selected  frequencies.  All  hydrophone 
units  were  calibrated  at  the  appropriate  temperature  and  pressure  by  the  Underwater 
Sound  Reference  Division  (Code  8200),  Naval  Research  Laboratory,  Orlando,  Florida.* 


Data  Processing 

The  buoy  analog  tapes  from  the  STA  and  the  LTA  sites  were  rerecorded  on  1-mil, 
1/2-in. -wide  tape,  using  a special  playback-only  machine  at  speed-up  ratios  of  32:1  and 
16:1,  respectively,  at  7-1/2  ips.  A pen-chart  record  was  made  of  each  tape  during  tran- 
scription to  identify  the  actual  times  of  observed  acoustic  events  and  to  serve  as  a general 
indicator  of  hydrophone  and  e'"jtronic -system  performance.  An  IRIG-B  time  code  with 
a 1-kHz  carrier  was  transcribed  unto  each  tape  for  starting  the  processor  at  reproducible 
points.  The  initial  processing  was  accomplished  on  a Time/Data  (Mode)  1923-C) 
spectrum-analyzing  system,  a computer-directed  fast  Fourier  transform  (FFT)  processor 
that  permits  continuous  and  program-controlled  spectral  analysis.  Further  processing  was 
done  on  a CDC-3800  computer,  where  the  record  structure  was  completed  and  analyzed 
with  existing  programs.  The  digital  record  structures  are  preceded  by  a six-word  header 
and  consist  of  an  amplitude  spectrum  averaged  for  1 min  of  300  and  600  points,  2-  and 
1-Hz  resolution,  respectively.  The  record  label  includes  trip  number,  year,  Julian  day, 
time  (hours,  minutes,  and  seconds),  hydrophone  depth  (meters),  and  status  (showing  A/D 
overload,  processor  overflow,  and  output  error). 


♦“Calibration  of  USRD  Type  H62  Hydrophones  Serials  lY  Through  42Y,"  USRD  Calibration  Report 
3420,  July  3,  1972.  “Calibration  of  USRD  Type  H62  Hydrophones  Serials  5Y  Through  8Y,”  USRD 
Calibration  Report  3518,  Mar.  29,  1973. 
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Fig.  A5  — Acoustic  data,  October  1972 


ACOUSTIC  DATA 

Acoustic  data  at  50,  100,  and  400  Hz  are  presented  as  monthly  time-series  plots  in 
Figs.  A5  through  A13.  All  data  for  the  month  of  September  1973  were  at  excessively 
high  levels  and  were  excluded.  Daily  average  windspeed  data  are  presented  below  the 
acoustic  data. 
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Fig.  AlO  — Acoustic  data,  March  1973  Fig.  All  — Acoustic  data,  April  1973 


Acoustic  data,  June  1973 


